The aims of this study were to examine the predictors of time to neuropsychiatric (NP) damage and its impact on mortality in 632 systemic lupus erythematosus African-American, Hispanic and Caucasian LUpus in MInorities: NAture versus Nurture (LUMINA) patients, age ≥ 16 years and disease duration ≤5 years at baseline (T0). Time-to-NP damage and its impact on mortality were examined by Cox proportional hazards regressions. A total of 185 (29.3%) patients developed NP damage over a mean (SD) disease duration of 5.6 (3.7) years. After adjusting for NP manifestations present, older age [Hazard ratio (HR) = 1.02; 95% Confidence interval (CI) 1.00-1.04], Caucasian ethnicity (HR = 1.87; 95% CI, 1.22-2.87), disease activity over the disease course (HR = 1.16; 95% CI, 1.12-1.21), diabetes (HR = 3.47; 95% CI, 1.44-8.38) and abnormal illnessrelated behaviours (HR = 1.05; 95% CI, 1.02-1.08) were associated with a shorter time-to-NP damage. Photosensitivity (HR = 0.65; 95% CI, 0.44-0.95), anaemia (HR = 0.56; 95% CI, 0.31-0.98), Raynaud's phenomenon (HR = 0.49; 95% CI, 0.34-0.72), a medium dose of prednisone (HR = 0.56; 95% CI, 0.35-0.92) and hydroxychloroquine use (HR = 0.58; 95% CI, 0.36-0.93) were associated with a longer time. NP damage did not contribute to mortality. Older age, Caucasian ethnicity, disease activity and abnormal illness-related behaviours are associated with a shorter time-to-NP damage; hydroxychloroquine and a medium dose of prednisone with a longer time.
Introduction
Neuropsychiatric (NP) manifestations of systemic lupus erythematosus (SLE) are frequent and heterogeneous with prevalence figures ranging from 18% to 91% [1] [2] [3] [4] [5] ; this variability is explained by differences in the definitions and ascertainment methods used, as well as the demographic and socioeconomic characteristics and the duration of follow-up of the patients studied. Furthermore, the lack of specificity of some NP manifestations makes these studies difficult.
NP-SLE manifestations are an important source of morbidity; cognitive and functional impairments, work disability and poor quality of life may result from their occurrence. [1] [2] [3] [4] NP damage in SLE is relatively common [5] [6] [7] ; in fact, in earlier analyses of the LUpus in MInorities: NAture versus Nurture (LUMINA) cohort database, 5 the NP domain was the most frequently involved. Predictors of overall damage accrual in SLE have been examined by several different investigators, 5, 6, 8, 9 but predictors of NP damage have been infrequently evaluated. For example, Mikdashi and Handwerger 10 identified disease activity, Caucasian ethnicity, older age at disease onset and the presence of anti-Ro/SSA and antiphospholipid (aPL) antibodies as independent predictors of significant NP damage in patients from the University of Maryland Lupus Cohort. 10 In turn, Mok, et al. 11 found disease activity at diagnosis, the presence of aPL antibodies, the use of intravenous pulse methylprednisolone and cumulative non-NP damage to be independently associated with NP damage accrual in a Chinese Lupus Cohort. However, in contrast to overall damage, a well-recognised predictor of mortality, [12] [13] [14] NP damage per se was not found to be associated with mortality in either study. 10, 11 We have now assessed the predictors of time-to-NP damage occurrence and the impact of NP damage on mortality in patients with SLE from LUMINA, a large multi-ethnic US cohort. We hypothesised that patient with serious disease manifestations and higher levels of disease activity will experience NP damage sometime in the course of their disease and that NP damage per se may contribute to mortality.
Patients and methods
Patients LUMINA is a longitudinal study of outcome. 15, 16 Details about this cohort have been previously described. Briefly, all LUMINA patients meet the American College of Rheumatology (ACR) revised and updated classification criteria, 17, 18 have disease duration ≤5 years at enrolment (T0), are ≥16 years of age, of defined ethnicity (Hispanic from Texas and Puerto Rico, African-American and Caucasian) and are living in the geographical enrolment areas of the participating centres [University of Alabama at Birmingham (UAB), The University of Texas Health Science Center at Houston (UTH) and The University of Puerto Rico Medical Sciences Campus (UPR)]. LUMINA recruitment started in 1994 except in Puerto Rico where recruitment started in 2001. The institutional review boards of the participating institutions approved the study, written informed consent was obtained from each patient according to the Declaration of Helsinki.
Prior to enrolment, all medical records are reviewed to confirm the patient's eligibility, and to gather socioeconomic-demographic information and relevant clinical data from the time of diagnosis (TD) to T0. Every patient is seen at T0, every 6 months for the first year (T0.5 and T1, respectively), and yearly thereafter. A LUMINA study visit consists of an interview, a physical examination and laboratory tests. Data for missed study visits are obtained, whenever possible, by review of all available medical records. TD is defined as the time at which patients meet four of the ACR classification criteria. Disease duration is the interval between TD and T0. For those patients who developed NP damage, their observation time was truncated at the time of its occurrence; thus, last visit (TL) for these patients was the time at which the first NP damage occurred. For those patients who had developed damage before T0, TL was considered the median value between T0 and TD plus 6 months.
For patients who did not develop NP damage, TL was the time of the last visit.
Variables
As previously described, 16 the LUMINA database includes variables from the socioeconomic-demographic, clinical, immunological, genetic, behavioural and psychological domains. With the exception of the genetic variables which are obtained at T0, all other variables are ascertained at every subsequent visit. Only the variables included in this study will be described.
NP damage, the dependent variable, was defined per the Systemic Lupus International Collaborating Clinics/Damage Index (SDI) 19 as the presence, for at least 6 months, of one or more of the following clinical events: cognitive impairment or major psychosis, seizures, cranial or peripheral neuropathy (excluding optic neuropathy), transverse myelitis; cerebrovascular accident (CVA) or surgical resection for causes other than malignancy are scored regardless of their duration. A second CVA if occurs more than 6 months apart from the first is also scored. As per the SDI, these events are defined clinically; thus, no formal neuropsychological testing with the exception of a self-reported validated cognitive assessment (the Cognitive Symptom Inventory) was performed 20 and assessed at every study visit. As reported before, for a patient to be considered cognitively impaired six of the 21 questions needed to be answered as indicative of having difficulty present most of the time or all the time. Given that we have previously shown that once cognitive impairment is recognised using this instrument, it tends to remain unchanged, 21 we believe it truly assesses permanent cognitive impairment.
Variables from the socioeconomic-demographic domains included were age, gender, ethnicity, marital status, education, poverty (as defined by the US Federal Government adjusted for the number of subjects in the household), 22 health insurance and healthrelated behaviours (smoking, drinking and using recreational drugs). Variables from this domain included in the analyses were from T0, except health insurance which was obtained either at TD or T0 if data at TD were not available; as in previous analyses, socioeconomic-demographic data were found to be quite stable over time.
Clinical variables included were disease duration (TD-T0), disease onset type, number of ACR criteria at TD, disease manifestations, disease activity and damage. Disease onset type was considered acute if clinical manifestations evolved over ≤4 weeks and insidious, if otherwise. Disease activity was assessed at TD and T0, and subsequently using the Systemic Lupus Activity Measure-Revised (SLAM-R) 23 ; with the exception of TD, in which disease activity was ascertained using all available medical records, disease activity was assessed during regularly scheduled study visits. The domains and laboratory variables of the SLAM-R were also examined. Damage was measured with the SDI at T0 and at TL and it was examined as a continuous variable (total damage score). The scores for each one of the domains of the SDI at both, T0 and TL, were also recorded. For the purpose of these analyses, the NP domain items were excluded from both the SLAM-R and the SDI total score to avoid attributing any disease activity or damage to them; the weighted SLAM-R reflecting disease activity over the course of the disease was used in these analyses.
Cumulative SLE clinical manifestations were assessed as per the ACR classification criteria 17, 18 ; NP manifestations due to lupus but not included in the ACR criteria were the following: CVA (transient ischaemic attack, stroke and subarachnoid haemorrhage), headaches, neuropathy (cranial neuropathy, peripheral neuropathy or mononeuritis multiplex), myelopathy, mood disorder (depression) and cognitive dysfunction; as previously described, all were clinically defined. Other clinical manifestations attributable to lupus such as Raynaud's phenomenon, livedo reticularis and nephritis were also examined. 24 Comorbidities included were diabetes mellitus [fasting plasma glucose at or above 126 mg/dl and/or random (or 2 h value in a oral glucose tolerance test) at or above 200 mg/dl; physician diagnosed and/or patient self-reported intake of pharmacological treatment (requiring either insulin and/or oral hypoglycaemic agent)], hypertension [defined as a systolic blood pressure ≥140 mm Hg and/or a diastolic blood pressure ≥90 mm Hg on two or more occasions and/or patient self-reported intake of anti-hypertensive medications regardless of cause; however, if agents are taken for proteinuria (angiotensin converting enzyme (ACE) inhibitors) and/or for Raynaud's phenomenon, hypertension is not recorded], valvular heart disease (including non-infectious endocarditis), coronary artery disease (myocardial infarction or angina), venous or arterial peripheral thrombotic events, hypothyroidism (high serum thyroid stimulating hormone and/or clinical symptoms and/or pharmacological treatment for hypothyroidism) and hypercholesterolemia (serum total cholesterol ≥200 mg/dl). Menopausal status was also recorded.
Within the autoantibodies, IgG and IgM aPL antibodies [abnormal >13 IgG phospholipid units/ml and/ or >13 IgM phospholipid units/ml, by enzyme-linked immunosorbent assay technique] 25 and the lupus anti-coagulant (Staclot Test Diagnostica Stago 92600, Asnières-Sur-Seine, France) 26 were included in these analyses.
Cumulative exposure to glucocorticoids (as prednisone equivalent), cyclophosphamide, hydroxychloroquine, azathioprine and mycophenolate mofetil was also recorded. Glucocorticoid dose (prednisone) was estimated as a categorical variable as follows: low (<10 mg/day), medium (10-30 mg/day) and high (>30 mg/day) and as the weighted average of the maximum glucocorticoid dose from T0 to TL, which was calculated by multiplying the maximum prednisone dose for each individual visit by the number of months in the interval between visits divided by the total follow-up time.
Behavioural and psychological variables included were helplessness (ascertained with the Rheumatology Attitude Index), 27 social support [assessed with the International Support Evaluation List (ISEL)] 28 and abnormal illness-related behaviours [assessed with the Illness Behaviour Questionnaire (IBQ)]. 29 
Statistical analyses
Disease and patient characteristics (NP damage or no NP damage) were examined by the Chi-square and Student's t-tests for categorical and continuous variables, respectively; variables with P ≤ 0.10 in these analyses were examined by univariable Cox proportional hazards regressions in which the dependent variable was the time-to-NP damage occurrence. Variables with a P ≤ 0.10 in these univariable Cox regressions were entered into Cox proportional hazards multi-variable regression models using a computer-driven backward selection procedure until no further variables were found to be significant at P ≤ 0.05. Because of its potential biological importance, age, gender and ethnicity were also included. Two different models were examined; in the main model, glucocorticoid use was defined as a categorical variable, whereas in the alternative model as a continuous variable, the weighted average maximum glucocorticoid dose from T0 to TL (vide supra); this was done as we were interested in examining the possible deleterious effect not only of the different glucocorticoid dose categories but also the impact of its continuous use. Finally, a second set of multi-variables Cox regressions in which the NP manifestations were omitted as possible explanatory variables of the outcome of interest was examined. However, this second set of models are clinically less informative since NP damage cannot possibly ensue if NP manifestations do not occur to begin with. In alternative models, all variables significant in the univariable analyses were entered into the multi-variable analyses. Finally given that neuro-cognitive impairment and/or psychosis are but one joint element of the NP domain of the SDI, the few (5 or 3.7%) cases of psychosis were removed and the analyses redone. Results of the univariable and multi-variable analyses are reported as hazard ratios (HRs) where values ≥1 indicate a shorter time to the occurrence of NP damage while values <1 indicate a longer time; P values ≤0.05 were considered significant in these analyses.
A Kaplan-Meier survival curve with NP damage being the end-point was also examined.
The contribution of NP damage to mortality was examined by Cox univariable and multi-variable proportional hazards regressions. In the multi-variable analyses, age, gender, ethnicity and variables previously found to significantly predict mortality (disease activity, damage and poverty) 12, 13 were included in the model. Statistical significance was defined as a P value ≤0.05.
Analyses were performed using either SAS, version 9.1 (SAS Institute, Cary, North Carolina, USA) or the SPSS program, version 15.0 software (Chicago, Illinois, USA).
Results
A total of 632 patients were included in these analyses. In all, 185 (29.3%) developed NP damage (one or more events) over a mean (SD) total disease duration of 5.6 (3.7) years. There were 117 (18.5%) Texan-Hispanics, 102 (16.1%) Puerto Rican Hispanics, 234 (37.0%) African-Americans and 179 (28.3%) Caucasians; as expected, these patients were predominantly women (88.6%) and their mean age and disease duration at T0 were 38.6 (12.6) years and 18.9 (15.8) months, respectively. NP damage occurred in about one-third of Texan Hispanics, African-Americans and Caucasians but only in about 7% of the Puerto Rican Hispanics (P < 0.0001) and a median time of 4 years. Among patients in whom NP damage had occurred, 135 had developed cognitive impairment and/or major psychosis (5 of them developed psychosis and 130 developed cognitive impairment), 45 had developed CVA events (one CVA in 40, two CVAs in five), 30 seizures, 22 cranial/peripheral neuropathy and three transverse myelitis. NP damage was the most common domain of the SDI involved, followed by the renal (19.6%), ocular (15.7%), integument (14.9%) and musculoskeletal (13.6%) domains.
Survival analysis
As noted in Figure 1 , the cumulative probability of NP damage occurrence at 5 years and 10 years were 30.7% and 42.1%, respectively. The estimates beyond 10 years are based on relatively few patients exposed to the risk and thus lack precision. 
Features associated with time-to-NP damage occurrence

Univariable analyses
Among the socioeconomic-demographic features, Texan-Hispanic, African-American and Caucasian ethnicities were associated with a shorter time-to-NP damage occurrence as compared with the reference ethnic group (Puerto Rican-Hispanics); similarly, living below the poverty line, having higher levels of illness-related behaviours and of helplessness were associated with a shorter time-to-NP damage occurrence. In contrast, the number of years of education, having health insurance and higher levels of social support were associated with a longer time-to-NP damage occurrence. These data are shown in Table 1 .
Among the clinical variables, in addition to the neurological manifestations (seizures, psychosis, CVA and cognitive disorder), haemolytic anaemia, aPL antibodies, hypercholesterolemia, disease activity at TD and T0, damage accrual at T0 but not at TL, diabetes, the weighted average maximum prednisone dose and prednisone at a dose >30 mg/day were associated with a shorter time-to-NP damage occurrence, whereas disease duration, malar rash, photosensitivity, lymphopenia, Raynaud's phenomenon, hydroxychloroquine use and prednisone at a dose between 10-30 mg/day were associated with a longer timeto-NP damage occurrence. These data are depicted in Table 2 . Other medications were not associated with NP damage occurrence (data not shown). Analyses limited to women failed to find an association between menopausal status and time-to-NP damage (data not shown).
Multivariable analyses
After adjusting for the presence of NP manifestations, older age at T0 (HR = 1.02; 95% CI, 1.00-1.04), Caucasian ethnicity (HR = 1.87; 95% CI, 1.22-2.87), disease activity over the course of the disease (HR = 1.16; 95% CI, 1.12-1.21), diabetes (HR = 3.47; 95% CI, 1.44-8.38) and abnormal illness-related behaviours (HR = 1.05; 95% CI, 1.02-1.08) were associated with a shorter time-to-NP damage occurrence. In contrast, photosensitivity (HR = 0.65; 95% CI, 0.44-0.95), anaemia (HR = 0.56; 95% CI, 0.31-0.98), Raynaud's phenomenon (HR = 0.49; 95% CI, 0.34-0.72), a medium dose of prednisone (HR = 0.56; 95% CI, 0.35-0.92) and hydroxychloroquine use (HR = 0.58; 95% CI, 0.36-0.93) were associated with a longer time-to-NP damage occurrence. These data are depicted in Table 3 .
The results were comparable in the alternative model; however, glucocorticoid use (as the weighted average maximum prednisone dose) was not found to be associated with a shorter time-to-NP-damage occurrence in this model. Removing the five patients in whom psychosis had occurred from this regression did not alter the results of these models.
In the second set of models in which the NP manifestations were omitted, the results were comparable; however, now aPL antibodies were found to be associated with a shorter time-to-the occurrence of NP damage (HR = 1.50-1.52; 95% CI, 1.03 to 1.04-2.21 to 2.23).
Given the apparent protective effect of hydroxychloroquine on time-to-NP damage, propensity score analyses were performed to adjust for confounding by indication. Although the HR for hydroxychloroquine remained below 1 after adjusting for the propensity score, the 95% CI encompassed the unit, and thus 
Discussion
NP-SLE manifestations cause substantial morbidity 1, 2 and may lead to permanent damage 2,5,7,10,30 ; thus, understanding the factors predicting it, over and above the occurrence of NP manifestations, has important implications. Using the extensive database of the LUMINA cohort, we have now conducted such a study. Nearly, one-third of the patients experienced NP damage after a mean total disease duration of 5.6 years and a median time to the event of 4 years; this rate of NP damage is higher than the one in the Chinese cohort (18%) but lower than in the Maryland Lupus Cohort (51%). 10, 11 This variability probably relates to differences in the patients' age (youngest in the Chinese cohort), ethnic origin [larger representation of African-Americans in the Maryland cohort (64% vs. 37% in ours)], the enrichment of NP cases in the Maryland cohort and the analytical methods used. Although we have shown a protective role for hydroxychloroquine, this reflects in part confounding by indication 31 as patients with milder disease tend to be treated with this compound. Given the overall anti-inflammatory, anti-thrombotic, anti-platelet, hypolipidaemic, glucocorticoid-sparing and immunomodulatory properties of anti-malarials coupled with their relatively benign safety profile and the protective effect on overall damage and survival, [32] [33] [34] this compound should be regarded as a standard element of the treatment of patients with lupus. We have also found higher disease activity over the course of the disease, older age, Caucasian ethnicity, diabetes and abnormal illness-related behaviours to be associated with a shorter time-to-NP damage occurrence; in contrast, photosensitivity, Raynaud's phenomenon, anaemia and a medium dose of prednisone per day were associated with a longer time-to-NP damage occurrence. As to glucocorticoids, it appears that a medium dose may exert some level of protection in comparison with a low or a high dose; however, lacking precise information about treatment duration, it is possible that glucocorticoids offer such a protective effect only if this dose is used for a relatively short time period rather than for a prolonged one.
Older age has been strongly associated with NP damage 5, 7, 9 probably because of these patients' associated comorbidities, such as hypertension, diabetes and atherosclerotic cerebrovascular disease that may predispose them to vascular endothelium damage and strokes and subsequently to NP damage. This finding is consistent with the data from the Maryland Lupus Cohort. In addition, traditional cardiovascular risk factors, such as hypertension, dyslipidaemia and accelerated atherosclerosis are more prevalent in SLE [35] [36] [37] and may also contribute to NP damage; however, hypercholesterolemia was not retained in our multivariable models. Abnormal illness-related behaviours, that is inadequate coping mechanisms in dealing with lupus, were also found to be associated with a shorter time-to-NP damage which is consistent with findings we have previously reported relative to overall damage in lupus (8) .
In the univariable analyses, we found Texan-Hispanic, African-American and Caucasian ethnicities to be associated with a shorter time-to-NP damage occurrence in comparison to the Puerto Rican patients; in the multivariable analyses, only Caucasian ethnicity was associated with a shorter time-to-NP damage occurrence which supports the findings from the Maryland Lupus Cohort. 10 It is conceivable that these patients could have other underlying factors predisposing them to develop NP damage earlier. 10 The association of photosensitivity and Raynaud's phenomenon with a longer time-to-NP damage suggests that patients with these manifestations have, overall, a less severe disease. Indeed, Raynaud's phenomenon has been shown to occur in patients with milder disease with frequent integument and musculoskeletal involvement. 38 On the other hand, Raynaud's phenomenon has been inconsistently associated with migraine headaches in SLE patients 39, 40 ; but we failed to demonstrate an association between headaches and NP damage. Anaemia was also associated with a longer time-to-NP damage; anaemia is an indicator of disease activity and a predictor of overall damage accrual. 41, 42 Thus, we do not have a plausible explanation for this finding. Their lack of association when the NP manifestations when included, probably reflects that these manifestations are stronger predictors of NP damage than aPL antibodies, that is they may exert their effect through their association with NP manifestations rather than independently. Of interest, in the alternative set of multivariable models (NP manifestations excluded), aPL antibodies were found to predispose to the occurrence of NP damage, which is consistent with previous reports, particularly in relation to NP vascular events. 11 Damage has been shown to be a predictor of mortality 8, [12] [13] [14] ; however, consistent with previous studies, 10,11 NP damage was not found to be an independent contributor to mortality when examined in conjunction with variables known to be associated with this outcome. However, overall damage was found to be an independent contributor. Patients with NP damage had more frequent involvement and higher damage scores in the cardiovascular and renal SDI domains (data not shown), suggesting that these are more important contributors to mortality than NP damage per se.
Our study has some limitations. Firstly, our assessment of cognitive impairment was based on the patient's self-report of their cognition through a validated instrument, the Cognitive System Inventory, rather than on formal neuropsychological testing; this is, however, consistent with the SDI definition set forth over a decade ago 43 ; moreover, given that this inventory was applied at every study visit and that we have previously found cognitive impairment to persist over time, we feel that patients categorised as having NP damage based on these assessments were correctly classified. Secondly, additional studies such as electroencephalography, imaging and biochemical markers of neuronal damage, such as levels of intrathecal neurofilament triplet protein and glial fibrillary acidic protein, 44 were not systematically performed in all patients. Thirdly, not all elements of the NP damage domain share the same pathophysiology; by examining them together we may have failed to demonstrate factors that may be related to its specific elements; nevertheless, such information may be quite useful to clinicians caring for lupus patients. Fourthly, Puerto Rican-Hispanics have been followed up for a relative shorter time and thus their contribution to the end-point examined may not have been yet fully realised. Finally, although the SDI is a valid and reliable instrument for the assessment of damage, it is not intended to distinguish the underlying cause of any of the items that constitute this or any other of its domains.
Despite these limitations, this study provides important information for clinicians caring for SLE patients. Firstly, NP damage is relative common in our patients being the most frequent SDI domain involved. Secondly, higher disease activity over time, diabetes and older age are significantly associated with a shorter time-to-NP damage occurrence. Thirdly, Caucasians are at high risk of developing NP damage within a relatively shorter time. Fourthly, hydroxychloroquine may be associated with a longer time-to-NP damage. Finally, a better control of disease activity is needed to reduce NP damage and improve the long-term outcome of all SLE patients. Medium doses of glucocorticoids if used for a short time to diminish the probability of long-term side effects may prevent NP damage.
